In this study, the monitoring of reactive oxygen species and the regeneration of the ferrous 14 ions catalyst were performed during electro-Fenton (EF) process to highlight the influence of 15 operating parameters. The removal of metronidazole (MTZ) was implemented in an 16 electrochemical mono-compartment batch reactor under various ranges of current densities, 17 initial MTZ and ferrous ions concentrations, and pH values. It was found that under 0.07 mA 18 cm -2 , 0.1 mM of ferrous ions and pH=3, the efficiency of 100 mg L -1 MTZ degradation and 19 mineralization were 100 % within 20 min and 40% within 135 min of electrolysis, 20
was also studied for the removal of metronidazole and based on COD 79 degradation, oxidation yield reached 96%. 80 Some studies based on the electro-Fenton process were carried out for the degradation of 81 metronidazole (Cheng et al., 2013; Pérez et al., 2015) . This process is a combination of the Mineralization yield obtained with electro-Fenton did not exceed 40% in each study, and 90 increased to 53% with additional solar irradiation (Pérez et al., 2015) . 91 For process intensification purpose in terms of mineralization, an alternative for the MTZ 
in the presence of 500 mg L -1 MTZ or its electrolyzed solutions. First, endogenous respiration 202 was measured (OUR endo ). To characterize heterotrophic biomass activity, a biodegradable 203 carbon source, here sodium acetate (0.1 g), was firstly added in the culture medium when 204 OUR endo was stable and exogenous respiration (OUR) exo was measured. MTZ or electrolyzed 205 solution was then added to reach TOC values in the range 5-50 mg C L -1 in the bioreactor.
206
When the OUR endo remained stable, sodium acetate was added again, the response of OUR exo 207 was compared with the previous one. To characterize autotrophic biomass activity, sodium (Table 1) It can be therefore supposed that metronidazole degradation was due to both the 265 electrochemical reduction at the cathode surface and the oxidation by hydroxyl radicals.
266
Under nitrogen atmosphere to avoid the presence of oxygen in the solution and then the 267 production of hydrogen peroxide, mineralization yield was negligible (not shown). This result 268 confirms that metronidazole mineralization was mainly due to the action of hydroxyl radicals 269 produced by the Fenton reaction. (Brillas et al., 2000) . Its impact on the degradation and the 277 mineralization of MTZ was therefore examined. The figure 2a shows the evolution of 278 metronidazole concentration as a function of time for different cathodic current densities 279 ranging from 0.04 to 0.45 mA cm -2 . The obtained results showed an almost total degradation 280 except for 0.04 mA cm -2 after 15 min of electrolysis ( Fig. 2a ). In the range 0.07 to 0.22 mA 281 cm -2 , the k app were nearly similar, in a short range of values, 0.22 to 0.24 min -1 (Table 1) , 282 while for 0.04 mA cm -2 , the apparent constant kinetics was lows, about 0.08 min -1 . The weak 283 maximum value observed for 0.07 mA cm -2 should however be noticed.
284
This faster oxidation at 0.07 mA cm -2 can be ascribed to an acceleration of the H 2 O 2 285 formation rate according to reaction (Eq. 2) and was confirmed by the hydrogen peroxide 286 quantification (Fig. 3b) . A good regeneration of ferrous ions from reaction (Eq. 3), as 287 mentioned in paragraph 3.2.2., can also explain the better efficiency of the electro-Fenton 288 process at 0.07 mA cm -2 if compared to higher current densities (Brillas et al., 2009) . At 289 higher current densities, the production of hydrogen peroxide was lower (Fig. 3b ).
290
As observed in Fig. 3a , plotting the concentration decrease according to the electric charge 291 (Q) highlighted the presence of competitive reactions since the necessary electric charge for a 292 total degradation increased with the current density. At 0.07 mA cm -2 , total degradation was 293 obtained for an electric charge of 120 C. When current density increased to 0.45 mA cm -2 294 total MTZ degradation required more than 600 C. Concurrent reactions such as the direct 4 Mineralization yields remained limited irrespective of the applied current density (Fig. 2b) 306 due to the recalcitrance of metronidazole by-products as mentioned before. For instance, for a 307 current density of 0.04 mA cm -2 , the TOC removal was only 26 % after 135 min of treatment.
308
TOC removal increased to 40 % with a current density of 0.07 mA cm -2 . This highest 309 mineralization yield was also in accordance with the highest concentration of hydrogen 310 peroxide obtained, 1.4 mM (Fig. 3b) ; while a lower production of hydrogen peroxide was 311 observed for a further increase of the current density. 
Effect of the current density on the concentration of iron species.

314
The evolution of the ferrous and ferric ions concentrations in the solution during the electro-
315
Fenton process at different current densities is presented in Fig. 4a . The total concentration of The adsorption of iron hydroxide onto the electrode surface (Petrucci et al., 2016) or the 325 reduction of iron ions to metallic iron considering standard potentials for iron redox couples, 326 could be checked even if no deposit on the electrode surface was observed after electrolysis.
327
All these phenomena could then partly explain a lower efficiency for these current densities.
328
In order to study the regeneration of ferrous ions, electrolysis at 0.04 and 0.07 mA cm -2 were 329 carried out under N 2 inert atmosphere, in order to avoid dissolved O 2 and then the electro-330 generation of H 2 O 2 (Fig. 4b ). An initial amount of ferric ions of 0.1 mM was added into the Table 3 reported the time-course of the ratio values of 100 mg L -1 MTZ electrolysis at 0.07 409 mA cm -2 and with 0.1 mM of ferrous ions. BOD 5 /COD ratio values suggested that the initial 410 MTZ solution was not biodegradable. After 30 min of electrolysis, even if a total degradation 411 of MTZ was observed (Fig. 1) , the solution remained not biodegradable with a ratio of 0.24,
412
showing that the MTZ by-products, at this time of electrolysis, were relatively resistant to 413 micro-organisms since these components were structurally close to the target compound 414 (Mansour et al., 2012) . However, the slight improvement of biodegradability can be due to 415 short linear aliphatic carboxylic acids resulting from the loss of lateral ethanol and acetic acid 416 group during the oxidation of MTZ and its heterocyclic intermediates (Pérez et al., 2015) that 417 can be metabolized by microorganisms. The solution became biodegradable since the ratio 418 value reached 0.7 for 120 min of electrolysis (Table 3 ). It can be therefore supposed that a 419 large part of recalcitrant by-products was oxidized beyond 60 min since the ratio reached 0.46 420 and can be therefore considered as an optimal oxidation time to minimize the energy 
Conclusion
435
The degradation and mineralization of metronidazole was studied by the electro-Fenton 436 process in a mono-compartment discontinuous reactor including a carbon felt cathode and a 437 platinum anode. Both the MTZ electrochemical reduction at the cathode surface and the 438 Fenton reaction were responsible for the degradation of the target compound. However, 439 mineralization was mainly due to the production in-situ of hydroxyl radicals. The influence of 440 some operating parameters such as initial Metronidazole's concentration, current intensity, 441 initial Fe 2+ concentration, and pH value was examined. The highest generation of hydrogen 442 peroxide was obtained at 0.07 mA cm -2 with a good regeneration of ferrous ions and at this 443 current density, production of hydroxyl radicals was the highest at pH 3 with 0.1 mM ferrous 444 ions. These conditions were considered as optimal and allowed a total degradation of MTZ 
